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Concentrations of plasma atrial natriuretic factor
during and after reversion of ventricular
tachycardia

Nicholas Twidale, John R Oliver, Margaret Menadue, Andrew M Tonkin

Abstract
Plasma concentrations of immuno-
reactive atrial natriuretic factor were
considerably increased (mean 745
(376) pglml) in 15 patients during spon-
taneous ventricular tachycardia. There
was no significant relation, however, be-
tween concentrations of plasma atrial
natriuretic factor and systolic arterial
blood pressure during tachycardia.
Samples taken 30 minutes and 24 hours
after reversion of ventricular tachycar-
dia to sinus rhythm showed that, although
plasma concentrations of atrial natri-
uretic factor had fallen significantly, they
were still raised after 24 hours. Raised
concentrations ofatrial natriuretic factor
during ventricular tachycardia did not
seem to contribute significantly to the
hypotension that is often associated with
the arrhythmia.
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Mammalian atrial tissue has been shown to
contain secretory-like storage granules with
characteristics similar to those of endocrine
peptide secretory cells.'2 These granules con-

tain a polypeptide hormone, which is first
synthesised as a 151 amino acid prohormone.34
The prohormone is further processed to several
smaller peptides, one of which is a natriuretic
polypeptide, or atrial natriuretic factor, a 28
amino acid polypeptide with potent natriuretic
and diuretic properties.56
A considerable body of evidence suggests

that atrial natriuretic factor may help maintain
sodium ion and water balance and modulate the
renin-angiotensin-aldosterone system.7 In
addition, a moderate vasodilatory effect has
been reported after infusion of atrial natriuretic
factor in humans.8 The major stimulus for
release of atrial natriuretic factor into the blood
stream is atrial distension, as occurs in conges-
tive cardiac failure, although recent studies
suggest that atrial natriuretic factor released
from abnormal ventricular myocardium, may
also contribute.9'0
Plasma concentrations of atrial natriuretic

factor are raised in patients with supraven-
tricular tachycardias, but they also seem to rise
during ventricular tachycardia; however, fewer
patients with this arrhythmia have been
studied." 12 Because patients with ventricular
tachycardia often have severe ventricular
dysfunction, atrial natriuretic factor
concentrations may be extremely high, owing
to combined atrial natriuretic factor release
from atrial and ventricular sites. The aim of

this study was to examine the pattern of atrial
natriuretic factor release during ventricular
tachycardia, and evaluate whether this can
contribute appreciably to the haemodynamic
changes after the onset of tachycardia.

Patients and methods
PATIENTS
This study was carried out within the guide-
lines set down by the National Health and
Medical Research Council ofAustralia and was
approved by the hospital human ethics com-
mittee.
We studied 15 male patients (mean age 68-2

(8-9 years)), who had presented with sponta-
neous sustained ventricular tachycardia that
was remote from (> 1 week) acute myocardial
infarction. All patients had had at least one
documented myocardial infarction, and seven
patients had coronary artery disease confirmed
by coronary angiography. Ventricular tachy-
cardia was diagnosed by 12 lead electrocar-
diography recorded at a standard speed
(25 mm/s) and amplitude (1 mV/cm). Multi-
channel simultaneous recordings were ob-
tained in all cases. The electrocardiograms
were reviewed by two experienced electrocar-
diographers and the following diagnostic
criteria for ventricular tachycardia were
applied in each case: (a) sustained wide QRS
(>0-12 s) tachycardia (>100 beats/min); (b)
presence of atrioventricular dissociation; (c)
typical QRS configuration in VI and V6 as
described by Wellens et al.'3

Ventricular tachycardia was confirmed by
transoesophageal electrocardiography in two
patients and by electrophysiology study in
another seven patients.

Patients were interviewed and the duration
of ventricular tachycardia determined. Systolic
arterial blood pressure was measured indirectly
by a bladder cuff sphygmomanometer and a
blood sample was taken after insertion of a
peripheral intravenous line and before attemp-
ted reversion. Two subsequent samples were
taken 30 minutes and 24 hours after reversion
to sinus rhythm.

All patients had chronic ischaemic heart
disease, and left ventricular function was asses-
sed by radionuclide ventriculography.'4 In
addition, M mode echocardiograms were
recorded by a Diasonics DRF 400 with a 3*5 or
5 MHz transducer to measure left atrial
diameter 24 hours after reversion to sinus
rhythm. Patients were studied in the left
semilateral position, and recordings were taken
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ANF concentrations in ventricular tachycardia

Plasma concentrations
(mean SD) of atrial
natriureticfactor (ANF)
(I pg/ml= 0 325 pmol/l)
before, and 30 minutes and
24 hours after reversion in
15 patients with
ventricular tachycardia.
The normal range is also
shown.

p<0.03 p<O-015

from the parasternal long axis view at the level
of the aortic root.'5

Thirteen patients were receiving conco-
mitant medication when they were studied.
This included an antiarrhythmic drug in nine,
diuretic in six, calcium channel blocker in
three, angiotensin converting enzyme inhibitor
in two, and # blocking agent in one patient.
Finally, renal function was assessed; plasma
creatinine concentrations were within the nor-
mal range (0-06-0-12 mmol/l) in all but three
patients (0 3, 0-15, and 0-14 mmol/l).

BLOOD COLLECTION AND RADIOIMMUNOASSAY
OF ATRIAL NATRIURETIC FACTOR IN PLASMA
Venous blood (10 ml) was obtained via the
antecubital vein and collected into a chilled
tube containing EDTA and aprotinin (10 000
units; Bayer, Australia). Plasma was separated
immediately by centrifugation, snap frozen,
and stored at - 20°C until assay. Plasma was
extracted and atrial natriuretic factor concen-
tration was determined by radioiummunoassay
under non-equilibrium conditions at 4°C. The
method has been previously described in detail
elsewhere."

CONCENTRATIONS OF ATRIAL NATRIURETIC

FACTOR IN CONTROLS
Atrial natriuretic factor was measured in blood
samples from 34 normotensive healthy volun-
teers (14 male, 20 female) with normal dietary
intake of sodium and normal electrolytes. The

upper and lower limits of the normal range
were 70 pg/ml and 4 pg/ml and no sex depen-
dent differences were found (men 36 (14) pg/
ml, women 33 (16) pg/ml (mean (SD)).

Results
The figure shows plasma concentrations of
atrial natriuretic factor before and after rever-
sion to sinus rhythm in the 15 patients with
spontaneous ventricular tachycardia. During
ventricular tachycardia, all patients had atrial
natriuretic factor concentrations well above the
upper limit of normal in this laboratory (70 pg/
ml). The table shows that ventricular tachycar-
dia was reverted to sinus rhythm by brief
overdrive pacing (usually 5-10 seconds ven-
tricular pacing at a rate 10-20 beats/min faster
than the ventricular tachycardia rate) in five
patients, DC cardioversion after intravenous
midazolam sedation in four patients, intra-
venous amiodarone (350 mg) in three patients,
intravenous lignocaine (100 mg) in two
patients, and intravenous sotalol (120 mg) in
one patient. In 13 patients concentrations of
plasma atrial natriuretic factor fell 30 minutes
after reversion, but not to within the normal
range in any patient. In two patients plasma
atrial natriuretic factor concentrations in-
creased; one was treated with intravenous
amiodarone and the other by overdrive ven-
tricular pacing. The mean concentration of
plasma atrial natriuretic factor was 745 (376)
pg/ml before reversion and 452 (240) pg/ml 30
minutes after reversion (p < 0 03 by Student's
paired t test). The fall in concentration of atrial
natriuretic factor was apparently independent
of the mode of reversion of ventricular tachy-
cardia. After 24 hours, the mean concentration
of plasma atrial natriuretic factor had fallen
further to 254 (152) pg/ml (p < 0-015) but was
still raised, and only one patient was within the
normal range. This contrasts with findings in a

previous group of 23 patients with supra-
ventricular tachycardia reported from this
laboratory." Among this group of patients,
plasma atrial natriuretic factor concentrations
fell from a mean of 256 (43) pg/ml during
supraventricular tachycardia to a mean of 120
(19) pg/ml within 30 minutes of reversion, with
levels in five patients falling to within the
normal range.

Relation between clinicalfindings, method(s) of reversion of ventricular tachycardia, and plasma atrial natriureticfactor concentrations

ANF (pg/ml)
Case EF LAD VT Duration BP
No SHD Drug (0o) (mm) (beats/min) (min) (mm Hg) Reversion During 30 min 24 hours

1 CAD D/A 31 60 150 120 140 DC 330 263 290
2 CAD-An D/C 15 45 145 15 135 Am 792 833 500
3 CAD A 51 50 150 200 90 Pace 475 475 318
4 CAD - 30 35 190 35 90 Pace 1000 394 150
5 CAD D/A/Ca 43 29 150 130 140 Pace 567 350 81
6 CAD /3 43 - 160 10 100 Pace 675 439 149
7 CAD-An A 56 40 200 90 70 DC 723 257 47
8 CAD A 37 42 120 10 160 Lig 574 375 318
9 CAD-An A/Ca 37 46 150 60 90 Lig 1000 891 270
10 CAD - 47 41 160 90 140 Pace 790 270 189
11 CAD D/A/C 15 - 210 5 120 Am 459 758 223
12 CAD-An Ca 24 37 180 18 110 Sot 1409 245 236
13 CAD A 43 45 130 200 100 DC 559 254 350
14 CAD-An D/A 27 - 200 5 140 Am 236 115 91
15 CAD D 25 45 170 60 90 DC 1591 810 600

SHD, structural heart disease; EF, ejection fraction; LAD, left atrial dimension; VT, ventricular tachycardia; BP, systolic arterial blood pressure; ANF, atrial
natriuretic factor; CAD, coronary artery disease; An, left ventricular aneurysm; DC, direct current cardioversion; Am, amiodarone; Pace, overdrive pacing; Lig,
lignocaine; Sot, sotalol; D, diuretic; A, antiarrhythmic drug; C, angiotensin converting enzyme inhibitor; Ca, calcium blocker; ,B, /3 blocker.
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The duration of spontaneous ventricular
tachycardia (mean (SD) 69-9 (67) minutes) had
no apparent effect on plasma atrial natriuretic
factor concentrations; two patients had raised
plasma atrial natriuretic factor concentrations
(236 and 459 pg/ml) with ventricular tachycar-
dia lasting only five minutes. Similarly, the rate
of ventricular tachycardia (mean cycle length
374 (58) ms) did not seem to influence plasma
atrial natriuretic factor concentrations.
There seemed to be a weak inverse relation

between plasma atrial natriuretic factor con-
centrations during ventricular tachycardia and
systolic arterial blood pressure, but this was not
statistically significant (r = 0- 3; p = 0-11 by
Spearman's test).

All patients had chronic ischaemic heart
disease with a mean left ventricular ejection
fraction of 349 (12 4)%. In 12 patients the
ejection fraction was <45 0%, but this
measurement had no apparent influence on
plasma atrial natriuretic factor concentrations
during and 30 minutes after reversion of ven-
tricular tachycardia. Furthermore, there was
only a weak non-significant inverse relation
between the ejection fraction and atrial
natriuretic factor concentrations measured at
24 hours after reversion to sinus rhythm (r =
- 0-3;p = 0 1 1).

Finally, mean left atrial dimension measured
24 hours after reversion to sinus rhythm by M
mode echocardiography was 43-8 (7-7) mm; it
was >40 mm in eight patients.

Discussion
Our results show that patients with spontan-
eous ventricular tachycardia have considerably
higher plasma concentrations of atrial natri-
uretic factor than healthy controls. These
results are consistent with earlier studies of
smaller numbers of patients and studies in
which ventricular tachycardia was induced
during programmed ventricular stimulation or
simulated by rapid ventricular pacing.12 16-19
Given that atrial natriuretic factor has natri-
uretic and diuretic properties that are poten-
tially beneficial in patients with ventricular
tachycardia, the increase may account for the
polyuria that is occasionally reported in these
patients.2021 Although polyuria was not repor-
ted by any of our patients, this may be because
other neurohormonal reflexes were stimulated
by the decreased cardiac output during ven-
tricular tachycardia. These include activation
of the sympathetic and renin-angiotensin-
aldosterone systems, which would favour
oliguria.'622 Similarly, the vasodilatory action
of atrial natriuretic factor may have been
modified by stimulation of catecholamines and
vasopressin release during ventricular
tachycardia. 16
Plasma concentrations of atrial natriuretic

factor seem to rise as early as five minutes after
the onset of ventricular tachycardia and remain
raised during prolonged periods oftachycardia,
apparently independently of the severity of
underlying left ventricular dysfunction or rate
of ventricular tachycardia. Because atrial
dimension, pressure and rate were not routin-
ely measured during ventricular tachycardia,
we cannot comment on the possible influen-
ce(s) of these variables on atrial natriuretic
factor release. Increases in left atrial dimension
measured by M mode echocardiography,

however, were reported within minutes after
the onset of induced ventricular tachycardia.'6
After reversion of ventricular tachycardia,
plasma concentrations of atrial natriuretic fac-
tor fell slowly and were still significantly raised
24 hours after reversion to sinus rhythm. This
may be explained by impaired renal clearance
of atrial natriuretic factor in our patients who
generally had poor left ventricular function
with reduced cardiac output. In addition, left
atrial dimension remained increased in eight
patients, and continued atrial natriuretic factor
release might also contribute to high post-
reversion plasma atrial natriuretic factor con-
centrations.

Spontaneous ventricular tachycardia is as-
sociated with considerably raised concentra-
tions of plasma atrial natriuretic factor which
fall slowly and apparently independently of the
mode of reversion whether this is pharma-
cological or non-pharmacological.
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